New xeniaphyllane-derived metabolites (1-7) were isolated from the EtOAc extract of the Formosan soft coral Sinularia gibberosa. The structures and relative configurations of these compounds were elucidated on the basis of extensive spectroscopic analysis (including 2D NMR) and by comparison of their spectral data with those of related compounds. In vitro cytotoxic evaluation of the above metabolites towards a limited panel of cancer cell lines is also described.
Soft corals belonging to genus Sinularia (Alcyoniidae) have been well recognized as a rich source of structurally unique and biologically active metabolites. 1) During the course of our screening of bioactive metabolites from marine organisms, [2] [3] [4] [5] [6] [7] [8] [9] [10] we have reported the isolation of bcaryophyllene-based sesquiterpenoids and diterpenoids (xeniaphyllanes) from the genus Sinularia. [9] [10] [11] Some of these metabolites showed selective in vitro cytotoxicity. 9) In addition to gibberosins A-H, 11) a continuous chemical investigation on the chemical constituents of the soft coral Sinularia gibberosa TIXIER-DURIVAULT (Alcyoniidae) has again led to the isolation of seven new xeniaphyllanes, gibberosins G-M (1-7). We will describe herein the isolation, structure elucidation, and biological activity of these compounds.
The minced bodies of S. gibberosa were extracted exhaustively with EtOAc. The combined extract was concentrated under reduced pressure, and the residue was fractionated by open column chromatography on Si gel. The terpenoid-containing fractions (recognized by 1 H-NMR measurement in CDCl 3 ) were selected for further purification, using a column of the Sephadex LH-20 and the normal phase HPLC to afford terpenoids 1-7. All isolated compounds were obtained as colorless oil.
Gibberosin G (1) was found to possess a molecular formula C 20 H 30 O 4 from the quasimolecular ion peak appearing at m/z 357.2040 [MϩNa] ϩ in the HR-ESI-MS, corresponding to six degrees of unsaturation. The IR spectrum of 1 showed the presence of hydroxy (3421 cm
Ϫ1
) and keto-carbonyl (1684 cm Ϫ1 ) functionalities. The 13 C-NMR spectrum of 1 showed signals of twenty carbons (Table 1) among which eleven have very similar chemical shifts to those of the bicyclic structure (C-1 to C-11) of the known bcaryophyllene type metabolites, 11) suggesting that 1 could be a b-caryophyllene-related diterpenoid. This could be further confirmed by the very similar 1 H-NMR data (Table 2 ) of 1 with those of these known metabolites. The gross structure of 1 was successively established by the assistance of 1 H-1 H COSY and HMBC correlations as shown in Fig. 1 . Therefore, the C-12 position of the keto-carbonyl in the molecule was interpreted by the HMBC correlations observed from H-13 (d 6.52, d, Jϭ15.5 Hz), and H 3 -18 (d 1.32, s), to C-12 (d 203.2, C). The hydroxy groups were also determined to be located at C-15 and C-16 due to the HMBC correlations observed from H-14 (d 6.87, d, Jϭ15.5 Hz), H 3 -17 (d 1.32, s), and H 2 -16 (d 3.55, dd, Jϭ11.0, 11.0 Hz), to C-15 (d 73.7, C). The NOE correlations (Fig. 2) observed by H 3 -20 with H-3b (d 2.09, m), H-3b with H-2b (d 1.57, m), H-2b with H 3 -18 (d 1.32, s), H 3 -18 with H-9 (d 2.72, q, Jϭ10.0 Hz), and that displayed by H-5 (d 2.89, dd, Jϭ10.0, 3.5 Hz) with H-1, but not with H-9, indicated the 1S*, 4S*, 5S*, 9R*, and 11S* configurations in 1. The double bond between C-13 and C-14 was determined to have a trans geometry based on the coupling constant (Jϭ15.5 Hz) between H-13 (d 6.52, d) and H-14 (d 6.87, d). Further NOE analysis revealed that 1 possessed the same configurations at C-1, C-4, C-5, C-9, and C-11 as those of the known metabolite (Fig. 1 Furthermore, the analysis of the NOESY spectrum of 3 revealed the same relative configurations at C-1, C-4, C-5, C-9, and C-11 as in 1 and 2. Therefore, compound 3 was established as (1S*,4S*,5S*,9R*,11S*,14Z)-12,16-diacetoxy-4,5-epoxyxeniaphylla-8(19),14-dien.
Gibberosin J (4) exhibited a quasimolecular ion peak at m/z 341.2092 [MϩNa] ϩ in the HR-ESI-MS, appropriate for a molecular formula C 20 H 30 O 3 and six degrees of unsaturation. The 13 C-NMR spectrum of 4 also revealed the presence of 20 carbon signals, characteristic for a xeniaphyllane-derived terpenoids (Table 1) . Through extensive NMR experiments ( 1 H-, 13 C-NMR, COSY, HMQC, and HMBC), the structure of 4 was found to be close to that of 1 except that a trisubstituted epoxide at C-4/C-5 (d H H COSY and HMBC correlations as illustrated in Fig. 1 . The relative configurations at C-1, C-9, and C-11 in 4 were found to be the same as those of 1-3 on the basis of the NOE correlations (Fig. 2) . The E geometry of the 4,5-endocyclic double bond in 4 was indicated by the lack of NOE correlation between the olefinic methyl protons (d 1. Gibberosin L (6) was found to have a molecular formula (Table 1 ) of 6 were found to be very similar to those of compound 5 from C-1 to C-11 and C-18 to C-20. The side-chain structure was elucidated by the 1 H-1 H COSY and HMBC correlations of 6 as shown in Fig. 1 . Moreover, the NOE correlations for protons of the bicycle moiety were found to be the same as those of 5 and thus led to the determination of the 1S*, 9R*, and 11S* configurations of this compound. Also, the lack of NOE correlation between the H 3 C-NMR spectroscopic data of compound 7 were found to be nearly identical to those of compounds 5 and 6 from C-1 to C-12 and C-18 to C-20, revealing the same bicyclic structure of 7 as those of 5 and 6. However, one methyl displayed a 3H singlet at d 2.21 in the 1 H-NMR spectrum and showed an HMBC correlation to one of the keto-carbonyl carbons (d 207.4, C), indicating the presence of a terminal acetyl group in the side chain of 7 instead of two methyls at C-15 in 5 and 6. This was further supported by the 1 H-1 H COSY and HMBC correlations as illustrated in Fig. 1 . These findings together with the analysis of NOE correlations for 7 determined gibberosin M to be (1S*,9R*,11S*,4E)-16-norxeniaphylla-4,8(19)-dien-12,15-dione.
Cytotoxicity of metabolites 1-7 toward a limited panel of cancer cell lines was evaluated. Compounds 5 and 6 have been shown to exhibit moderate activity against A-549 (human lung carcinoma), Hep G2 (human hepatocellular carcinoma), and MDA-MB-231 (human breast carcinoma) cell lines with IC 50 's of 7.1, 12.4, and 5.5 mg/ml, IC 50 's of 11.3, 14.5, and 7.7 mg/ml, respectively. Other metabolites were found to be inactive against the growth of the above three cancer cell lines (Ͼ20.0 mg/ml).
Experimental
Optical rotations were measured on a Jasco DIP-1000 digital polarimeter. IR spectra were recorded on a Jasco FT-5300 infrared spectrophotometer. NMR spectra were recorded on a Bruker AVANCE DPX300 FT-NMR at 300 MHz for Extraction and Isolation The bodies of S. gibberosa (1.3 kg fresh weight) were minced and extracted exhaustively with EtOAc, and the extract was concentrated under reduced pressure to give a dark brown viscous residue (15.4 g). The residue was fractionated by open column chromatography on silica gel using an n-hexane and n-hexane-EtOAc mixture of increasing polarity to yield 32 fractions. Fraction 6, eluted with n-hexane/EtOAc (8 : 1), was subjected to Sephadex LH-20 column using acetone and followed by normal phase HPLC eluted with n-hexane/acetone (7 : 1), to afford compounds 3 (2.1 mg), and 6 (14.6 mg). Fraction 15, eluted with nhexane/EtOAc (5 : 1), was further purified by silica gel column using nhexane/EtOAc (5 : 1) as eluent to afford compound 7 (5.8 mg). Fraction 20, eluted with n-hexane/EtOAc (3 : 1), was further purified by normal phase HPLC using n-hexane/acetone (5 : 1 to 3 : 1) to give compound 5 (3.8 mg). Fraction 22, eluted with n-hexane/EtOAc (1 : 1), was further purified by normal phase HPLC using n-hexane/acetone (2 : 1), to give compounds 1 (3.0 mg), 2 (1.2 mg), and 4 (2.4 mg).
Gibberosin G (1) Cytotoxicity Testing Compounds were assayed for cytotoxicity against A-549, Hep G2, and MDA-MB-231 cancer cells using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] method. 12, 13) Freshly trypsinized cell suspensions were seeded into a 96-well microtiter plate at densities of 5000-10000 cells per well and then the test compounds were added from DMSO-diluted stock solutions. After 3 d in culture, attached cells were incubated with MTT (0.5 mg/ml, 1 h) and subsequently dissolved in DMSO. The absorbency at 550 nm was then measured using a microplate reader. The IC 50 is the concentration of agent that reduced cell growth by 50% under the experimental conditions.
